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1
SIMPLE WEB SEARCH

TECHNICAL FIELD

The present mnvention relates to data processing techniques
for conducting searches.

BACKGROUND

The approaches described 1n this section are approaches
that could be pursued, but not necessarily approaches that
have been previously concetved or pursued. Therefore, unless
otherwise indicated, 1t should not be assumed that any of the
approaches described in this section qualily as prior art
merely by virtue of their inclusion 1n this section.

A search engine 1s a system of one or more computing
devices, or components thereof, which searches one or more
repositories of data for data structures that match search con-
straints 1ndicated by search requests. One common type of
search engine 1s a web search engine, which conducts
searches for data structures such as web pages and other
web-based documents, based on keywords and/or other con-
straints. However, there are many other types of search
engines, and these search engines permit searches against a
wide variety of repositories of data.

A search user interface, or “search interface” as abbrevi-
ated herein, 1s a point of mteraction between an information
secker, or “user,” and one or more search engines. Via the
search interface, a user may submit a search request to a
search engine. Via the search interface, the user may further
receive information concerning one or more data structures,
or “search results,” that the search engine has identified as
matching the search request. One common type of search
interface 1s a web-based search interface, 1n which a search
engine provides a web browser with a web page comprising
controls via which a user may mput search request param-
cters. Once the parameters have been entered, the user’s web
browser typically sends the parameters to a search engine
using a request 1n a Hyper-Text Transfer Protocol (HTTP) or
other suitable web-based protocol. The search engine then
returns the search results to the browser.

Creating search interfaces 1s a task conventionally leit to
skilled programmers. For example, 1n the context of web-
based search interfaces, creation of search interfaces conven-
tionally requires familiarity with Hyper-Text Markup Lan-
guage (HTML), JavaScript, and/or other web-based
standards or tools. Search interface creation further requires
knowledge of search Application Programming Interfaces
(APIs), which typically vary from search engine to search
engine.

SUMMARY OF THE INVENTION

The appended claims may serve to summarize the mven-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIG. 1 illustrates an example system in which the tech-
niques described herein may be practiced;

FI1G. 2 1llustrates a process tlow for conducting a search;

FIG. 3 illustrates an example template-based graphical
user search interface;

FI1G. 4 1s a block diagram that i1llustrates a computer system
upon which an embodiment of the invention may be 1mple-
mented.
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2
DETAILED DESCRIPTION

In the following description, for the purposes of explana-
tion, numerous specific details are set forth 1n order to provide
a thorough understanding of the present invention. It will be
apparent, however, that the present ivention may be prac-
ticed without these specific details. In other instances, well-
known structures and devices are shown in block diagram
form 1n order to avoid unnecessarily obscuring the present
invention.

1.0. General Overview

According to an embodiment, a system of one or more
computing devices 1s utilized for, among other purposes,
creating a template-driven search terface and conducting
searches thereon. In an embodiment, the one or more com-
puting devices include or are coupled to: a template reposi-
tory; search templates stored in the template repository, each
of the search templates comprising at least: field specification
data that specily search interface fields for obtaining search
input data, and query specification data that specily how to
generate structured queries based on the search mput data
obtained for the one or more of the search interface fields; a
search field generator that 1s configured to generate search
fields indicated by the field specification data; a template
loading module, coupled to the template repository, that 1s
configured to identily one or more available search templates
in the template repository; and a search interface generator,
coupled to the search field generator and template loading
module, that 1s configured to generate a search interface com-
prising template selection controls that are configured to
select available search templates that are 1dentified by the
template loading module. The template loading module 1s
configured to recetve template selection 1nput via the tem-
plate selection controls. The search interface generator 1s
configured to update the search interface to include particular
search fields generated by the search field generator for a
particular search template selected by the template selection
input. The search interface i1s configured to recerve particular
search mput via the particular search fields, and to cause
generation of a particular structured query based on the par-
ticular search input and on particular query specification data
in the particular search template.

In an embodiment, the search interface generator 1s con-
figured to generate search interface provisioning instructions
which, when executed by a client computing device, cause the
client computing device to implement the search interface. In
an embodiment, the search interface generator 1s further con-
figured to send the search interface provisioning instructions
to the client computing device. In an embodiment, the search
interface generator 1s further configured to generate particular
query formulation logic based on the particular query speci-
fication data, wherein the query formulation logic causes the
generation of the particular structured query based on the
particular search mput and particular query specification data
in the particular search template. The search interface gen-
erator 1s further configured to send the search interface pro-
visioning instructions, including the particular query formu-
lation logic, to the client computing device. In an
embodiment, the search interface provisionming instructions
include 1instructions for generating interface controls by
which the particular search iput for the particular search
fields 1s received.

In an embodiment, the one or more computing devices
comprises a plurality of search adapters that are configured to
receive the structured queries, to cause searches to be con-
ducted against a plurality of data sources based on the struc-
tured queries, and to return particular search results based on
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the searches. The search interface 1s configured to display the
returned search results. In an embodiment, at least a first
search adapter of the plurality of search adapters 1s configured
to translate the particular structured query 1nto a first query, to
send the first query to a particular data source, receive first
search results responsive to the first query, and to convert the
first search results mnto a common format of the particular
search results. In an embodiment, the particular template
comprises data source specification data. The search interface
comprises data source selection controls generated based on
the data source specification data. The search interface 1s
configured to request performing one or more searches, based
on the particular structured query, against one or more par-
ticular data sources specified by data source specification
input recerved 1n association with the data source selection
controls.

In an embodiment, the search field generator 1s configured
to analyze an ontology to identily properties of a data struc-
ture type specified 1n the field specification data, and to gen-
crate at least a first search field based at least partly upon a
particular property of the identified properties. In an embodi-
ment, the search field generator 1s configured to analyze an
ontology to 1identily properties of a data structure type speci-
fied 1n the field specification data, and generate an interface
control for defining a search filter that compares an 1nput
value to at least a particular property of the data structure type.
In an embodiment, the query specification data specifies
query clauses. The query clauses include at least search filter
clauses and complex clauses. The search filter clauses include
a {irst search filter clause that specifies how a first search field
1s compared to data structures when conducting a search. The
complex clauses include a first complex clause that specifies
a logical relationship between other query clauses.

According to an embodiment, a computer-implemented
method comprises recerving a selection of a search template
via one or more template selection controls that are config-
ured to select from search templates for formulating searches;
responsive to the selection of the search template, presenting,
search interface fields specified by field specification data
within the search template; recerving search input via two or
more of the search interface fields, the search input including,
first input via a first field and second mput via a second field;
identifyving, based on query specification data within the
search template, a relationship between the first input and the
second input; based on the 1dentified relationship, generating
a particular query clause that includes the first input, the
second mput, and a search directive that indicates the 1denti-
fied relationship between the first input and the second mput;
based on the search mput and the query specification data
within the search template, generating a structured query
based on the search mput, the structured query including the
particular query clause; sending the structured query to one or
more search modules; and receiving search results responsive
to the structured query.

In an embodiment, the method further comprises determin-
ing to which of a plurality of search modules to send the
structured query based on data source specification data in the
search template. In an embodiment, the method further com-
prises determining to which of a plurality of search modules
to send the structured query based at least on third input of the
search nput, the third input selecting one or more controls
corresponding to the one or more search modules. In an
embodiment, the search directive 1s one of: an and directive,
an or directive, an adjacent directive, or a within directive. In
an embodiment, the query specification data indicates a
required value for a particular search filter included 1n the
structured query. In an embodiment, the query specification
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4

data specifies that the structured query 1s to include a search
filter that causes the one or more search modules to execute a
particular comparison operation between a particular input
value for a particular field of the search interface fields and a
particular data structure property of data structures that are
searched. In an embodiment, the field specification data asso-
ciates a particular search iterface field with a particular data
structure type. The method further comprises accessing onto-
logical data to 1dentily properties of the particular data struc-
ture type, and presenting, adjacent to the particular search
interface field, controls for selecting a particular property to
which corresponding input for the field 1s to be compared.

In an embodiment, the one or more search modules are a
plurality of search modules. Fach of the plurality of search
modules 1dentifies search steps to perform with respect to one
or more data sources, based on the structured query. Each of
the plurality of search modules generates sets of search
results 1n a common format. The method further comprises
aggregating the sets of search results as they are recerved from
the plurality of search modules. In an embodiment, the
method further comprises a first search module of the one or
more search modules translating the structured query into a
first query to send to a first search engine, and a second search
module of the one or more search modules translating the
structured query into a second query to send to a second
search engine. The search results include first search results
from the first search engine and second search results from the
second search engine. In an embodiment, the method turther
comprises the first search module converting first search
results from the first search engine into a common format and
the second search module converting second search results
from the second search engine into the common format. The
search results include the converted first search results and the
converted second search results.

In an embodiment, presenting search interface fields com-
prises sending search interface creation instructions to a
search client. Identitying the relationship, generating the par-
ticular query clause, and generating the structured query com-
prise generating query formulation instructions based on the
query specification data and sending the query formulation
instructions to the search client.

2.0. Structural Overview

Embodiments provide computing devices, logic, processes
and/or soitware organized in simplified frameworks that are
usetul for creating search interfaces and conducting searches.
In some embodiments, the frameworks provide streamlined
syntaxes and grammars for defining one or more elements of
a search interface, and for formulating search requests based
on inputs recerved 1n association with these elements. Insome
embodiments, the frameworks simplily communications
with search engines by providing an intermediary translation
level between the search interfaces and the search engines,
thereby permitting communication with the search engines
via a universal standard. In some embodiments, the frame-
works include extensible programmatic intertaces by which
new search engine or search interface tfunctions can be added
to the system 1n a modular fashion. In many cases, the frame-
works reduce or eliminate the need for an intricate understat-
ing ol complex coding languages or APIs when defining
search interfaces, thereby allowing less-technical users and/
or administrators to design and deploy customized search
interfaces.

FIG. 1 illustrates an example computing system 100 1n
which the techniques described herein may be practiced,
according to an embodiment. System 100 1s a computer-
based system. The components of system 100 are imple-
mented at least partially by electronic digital hardware at one
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or more computing devices, such as one or more hardware
processors executing program instructions stored in one or
more memories and configured for performing functions
described herein.

2.1. Search Server

System 100 comprises a search server 120. Search server
120 1s not necessarily a search engine, but rather mediates
between search clients 110 and one or more search adapters
140. In an embodiment, search server 120 comprises, among
other elements, a template loading module 122, search field
generator 124, search interface generator 123, results aggre-
gator 126, and query relay component 129. These elements
are described 1n subsequent sections.

In some embodiments, search server 120 may be a compo-
nent of one or more server computing devices that are com-
municatively coupled to one or more client computers at
which the search clients 110 are implemented. For example,
search server 120 may be a web server, or an application
thereof, that communicates over an intranet and/or wide area
network with the client devices at which the search clients
110 are deployed. In other embodiments, search server 120
and search clients 110 are implemented at the same comput-
ing device. In some embodiments, search server 120 may
turther be deployed at the same computing device as some or
all of search adapters 140 and/or data sources 150. In other
embodiments, search server 120 1s deployed at a different one
or more computing devices than are search adapters 140 and
data sources 150.

2.2. Templates

Search server 120 1s coupled to one or more data reposito-
ries, icluding a repository 160 of templates 162. Search
server 120 comprises a template loading module 122 that

accesses and parses templates 162 1n repository 160. Reposi-
tory 160 and templates 162 may be any suitable data structure
for storing template data. For example, repository 160 may be
a file system, while templates 162 may be files within the file
system. As another example, repository 160 may be a data-
base, and templates 162 may be data structures within the
database. Each template 162 may be configured to describe a
different search interface that may be generated by search
server 120. Thus, for example, an adminmistrator may define
new search interfaces by creating new templates 162. Tem-
plates may be formatted in any suitable coding or markup
language. In an embodiment, the templates are structured
according to a schema that has a more simplified and/or
streamlined syntax than HTML or other common general
purpose content presentation languages, to permit creation of
templates without requiring the creator to learn such lan-
guages.

Templates 162 1include field specification data. For
example, the field specification data may include an enumer-
ated list of mput fields. The field specification data may
specily a control type for each field. For example, the field
specification data may specily that mnput for a particular field
1s to be collected using a specific type of graphical interface
control, such as a textbox, text area, checkbox, pull-down list,
and so forth. The field specification data may turther indicate
an order 1n which the controls are to be presented. The field
specification data may further indicate mput constraints for
some or all of the 1dentified search fields. These constraints
may include an expected format or structure, such as a string,
integer, date, range of numbers, and so forth. These con-
straints may further or alternatively specily exactly which
options a user may select from, such as 1n a pull-down list.
The field specification data may further specity default input
values, search field 1dentifiers, and/or descriptive labels.
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Templates 162 may comprise query specification data,
which specily how to generate a structured query based on the
fields specified 1n the field specification data. For example,
the query specification data may specily logical relationships
between certain search field inputs and/or clauses based
thereon. These logical operations may include conjunctive
operations such as “and,” “adjacent to,” or “within a certain
proximity,” or disjunctive operations such as “or.”” As another
example, the query specification data may specily how one or
more search fields are to be compared to data structures when
conducting a search. This may be done, for instance, by
specilying comparison operations, such as equals, does not
equal, greater than, lesser than, and so forth, to be performed
between certain search field mputs and the values of certain
properties of or metadata for the data structures to be
searched. Or, the query specification data may indicate that a
search field represents keyword(s) to be searched across all
data structure elements. In some embodiments, the query
specification data may be entirely separate from the field
specification data. In other embodiments, some or all of the
query specification data may be intermingled with the field
specification data. Since different templates may have differ-
ent query specification data, different types of search queries
may result from two templates 162 even 11 their field specifi-
cation data 1s the same.

Templates 162 may optionally include a data source speci-
fication. The data source specification 1dentifies one or more
of data sources 150 against which a search may be conducted.
In an embodiment, certain data sources may be designated as
required or optional.

2.3. Search Field Generator

Template loading module 122 1s configured to provide
search field generator 124 with the field specification data
from a selected one of templates 162. Based at least partly on
the field specification data, search field generator 124 identi-
fies search fields that should be included within a search
interface. The search field generator 124 then generates these
search fields. Generating the search fields may comprise, for
instance, generating instructions and/or data structures nec-
essary for a search client 110 to implement search field con-
trols for collecting input for the search fields. For example, for
web-based interfaces, generating the search fields may com-
prise generating HI'ML and/or JavaScript for displaying one
or more field controls within a search form. Generating the
search fields for web-based interfaces may further comprise,
il necessary, generating JavaScript functions for validating
inputs 1n accordance to any specified constraints.

In an embodiment, the field specification data does not
directly specily certain search fields and/or input constraints,
but rather indirectly identifies certain search fields and/or
input constraints by referencing metadata from an ontology
180. Ontology 180, which 1s optional, includes metadata that
describes types of data structures to which some or all of data
sources 150 provide access. Search field generator 124 1s
configured to utilize this metadata to identify and generate the
certain search fields. In an embodiment, for example, the field
specification data may specily that a separate search field be
generated for each property of a referenced metadata element
in ontology 180. Search field generator 124 may automati-
cally 1dentity these properties based on ontology 180, and
generate search fields accordingly.

In an embodiment, the field specification data may indicate
that the iput provided for a certain search field should be
subject to constraints imposed on certain predefined metadata
clements. For example, the field specification data may ret-
erence a specific metadata element to indicate that input for
the field be an “age,” “gender,” “state,” or other predefined
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clement of ontology 180. In an embodiment, search field
generator 124 may even be configured to access a data source
150 described by the ontology, to determine exactly which
specific values or data objects are already found 1n the data
source for the referenced metadata element. The mput may
then be constrained to these specific values or data objects.
The control for the certain search field may even prompt the
user to select from the specific values via a pull-down menu,
predictive-text textbox, or other suitable mechanism.

2.4. Interface Generator

Search interface generator 125 generates search interfaces
based on templates 162, and causes search clients 110 to
implement the generated search interfaces. Search interface
generator 125 1s configured to generate a search interface for
a selected template 162 responsive to one or more types of
user-imitiated 1nstructions, depending on the embodiment.
For example, 1n an embodiment, search interface generator
162 generates a search interface responsive to a user-initiated
HTTP or other web-based request from a web browser at a
client device. In another embodiment, search interface gen-
erator 162 generates a search interface responsive to a local
API call from a search application executing on the same
computing device as search server 120. The user-initiated
request may specily a search template, or a default search
template may be selected.

Generating a search interface comprises generating
instructions and/or data structures that a computing device
may execute to implement the search interface. For example,
generating a search interface may comprise generating
HTML, JavaScript, and/or other suitable data structures or
code that, when interpreted by a web browser, causes a client
device to provide the search interface. As another example,
generating a search interface may comprise generating
SOAP, REST, or other suitable code for instructing a client-
based application to provide the search interface. As another
example, generating a search interface may comprise gener-
ating lower-level code that 1s directly executable by a com-
puting device for implementing the search interface.

In an embodiment, different versions of a search interface
may be generated for different search clients 110 based on the
same template. For example, in an embodiment there may be
different versions ol a search interface targeted to search
clients 110 at different web browsers. In an embodiment,
there may be different versions of a search interface targeted
to any combination of: one or more web browsers, one or
more smartphone applications, or one or more desktop appli-
cations.

When generating a search interface, search interface gen-
erator 125 recerves information included 1n or derived from a
selected template from template loading module 122. Thas
information includes at least the query specification data and,
if specified by the template, the data source specification.
Search interface generator 125 further receives the search
fields generated for the selected template from search field
generator 124. Based on the query specification data and the
data source specification, search intertace generator 125 gen-
erates query formulator instructions that instruct search cli-
ents 110 1n constructing and submitting a structured query
based on any mput received via the search fields. For
example, the query formulator instructions may be JavaScript
code or other suitable 1nstructions for executing a query for-
mulator 119, as described in other sections.

Search interface generator 1235 may further generate other
search interface elements, such as a template selector or a
presentation of search results, as discussed 1n other sections.
Once all of the search interface elements are generated,
search interface generator 125 sends the search interface to a
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requesting application and/or causes execution of the instruc-
tions for providing the search interface. The generated search
interface may be, for example, an entire web page or screen
window, or the generated interface may be designated por-
tions thereof, such as a search form subsection within a web
page.

2.5. Search Client

System 100 may comprise any number of search clients
110. A search client 110 implements the search interfaces
generated by search interface generator 123, based on instruc-
tions and/or data structures received from search interface
generator 125, Search client 110 may comprise, for instance,
a generic web browser, a browser plug-1n or module, a dedi-
cated search application, or any other suitable tool for execut-
ing or interpreting the instructions and/or data structures
received from search interface generator 125. Different types
of search clients 110 may exist for different platforms or
working environments.

Search client 110 comprises a user search interface presen-
tation component 112. In accordance with the instructions
and/or data structures recerved from search interface genera-
tor 125, presentation component 112 1s configured to provide,
or cause the provision of, a presentation of one or more textual
and/or graphical elements at one or more output components,
such as a computer momitor or touchscreen device. The pre-
sented textual or graphical elements include textual and/or
graphical controls, such as text boxes, check boxes, buttons,
and/or other graphical user interface components. Among
other controls, the textual and graphical controls include tem-
plate selection controls 114 and search field controls 1135.

Template selection controls 114 visually guide the user 1n
providing inputs for selecting one of templates 162. For
example, the template selection controls 114 may be a pull-
down list of each template 162 1n repository 160. Or, the
template selection controls 114 may be a pull-down list of
cach template 162 1n repository 160 to which a user has
access, as indicated by user permission data associated with
templates 162 and/or data sources 150. Input selecting a
specific template triggers an instruction to the search inter-
face generator 125 to generate a new search interface based on
the selected template, which results 1in presentation compo-
nent 112 displaying a different set of textual and/or graphical
clements.

Search field controls 115 visually guide the user 1n provid-
ing inputs for interfacing with the one or more search engines.
The search field controls 115 may include a different control
for some or all of the search fields 1dentified by search field
generator 124. Certain fields may be hidden from the user.
These hidden fields specity search filters that should always
be applied when performing a search under a corresponding
search template. For example, an interface designer may wish
for a certain search interface to be restricted to only certain
types of data structures within a data source, or to only data
structures that have a certain property value.

The presented textual or graphical elements may further
include a presentation of search results 116, as described 1n
other sections.

2.6. Collecting Input

Search client 110 further comprises an input processor 118.
Input processor 118 1s configured to recerve mputs for fields
associated with the textual and/or graphical controls pre-
sented by the presentation component 112. The mputs may
be, for example, signals from one or more user-operated input
devices, mterpretations of these signals based on knowledge
of how the textual or graphical controls are arranged, and/or
derivations thereof. For example, input processor 118 may be
configured to detect when a new template has been selected
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using template selection controls 114, and relay correspond-
ing instructions to template loading module 122.

As another example, mput processor 118 may receive
inputs that specity keywords, filters, or other search param-
eters 1n association with search field controls 115. Input pro-
cessor 118 1s further configured to detect mput instructing
search client 110 to submit a search. This input may be pro-
vided 1n association with a “submit™ control of search field
controls 115. Or, certain interactions with designated search
fields, such as pressing an “Enter” key while a keyword box 1s
selected, may be interpreted as an instruction to submit a
search. In an embodiment, a new search 1s requested any time
new mput 1s provided via search field controls 115.

2.”7. Query Formulation

Input processor 118 provides the values that were input for
cach of search fields 115 to a query formulator 119 that
corresponds to the currently selected template 162. Query
formulator 119 1s a set of one or more processes that generate
a structured query 130 based on the mputted values, 1n accor-
dance with the query formulator instructions recerved from
search interface generator 125. Query formulator 119 may
comprise, for mstance, HIML form processing logic, Java-
Script functions, and/or other suitable processing logic.

The structured query 130 may take a variety of forms,
depending on the embodiment. For example, in an embodi-
ment, the structured query may be a series of name-value
pairs embedded within an HITP query string or a JSON
object. In an embodiment, the structured query may comprise
groups ol mput values associated with search directives. The
search directives specily relationships between the input val-
ues 1n a group.

In another embodiment, structured query 130 may be a
hierarchical data structure comprised of clauses, in which the
hierarchical relationships of the clauses reflect logical rela-
tionships between the clauses. The clauses include search
filter clauses and complex clauses. Search {ilter clauses are
generally based upon data iput 1n association with search
field controls 115, and/or data associated with hidden search
fields. While query formulator 119 will often only produce
one search filter clause per search field, the query formulation
instructions may in some cases cause query formulator 119 to
create two or more search filter clauses for a single search
field. Search filter clauses may specity, without limitation,
keyword input for a particular search field, a name-value pair
resulting from input for a particular search field, a comparison
operation between the 1nput data of a particular search field
and one or more data structures designated by the query
formulation instructions, and so forth. Complex clauses com-
prise a search directive that specifies a conjunctive, disjunc-
tive, or other logical relationship between two or more search
filter clauses and/or other complex clauses.

2.8. Query Relay Component

Search client 110 1s configured to send the structured query
130, once constructed by query formulator 119, to a query
relay component 129 of search server 120. The query relay
component 129 1s configured to send the structured query 130
in turn to one or more search adapters 140. In an embodiment,
the structured query 130 1s sent to at least some of the search
adapters 140 1n parallel, thus potentially resulting in returning
search results from two or more search adapters 140 at the
same time. In an embodiment, the structured query 130 1s sent
serially to some or all of the search adapters 140, in that the
query relay component 129 must wait for an indication that a
first search adapter 140 has concluded a search before send-
ing the structured query 130 to a second search adapter 140.

In an embodiment, the one or more search adapters 140 to
which query relay component 129 sends structured query 130
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1s the set of all available search adapters 140. In other embodi-
ments, the one or more search adapters 140 to which query
relay component 129 sends structured query 130 are selected
by data source specification data 1n a template 162 and/or
selected by a user via controls 1 search client 110. One or
more search adapters 140 thus selected may be 1dentified to
query relay component 129 1n, for example, the structured
query 130, such as 1n a search filter clause or 1n separate data
source specification data. Or query relay component 129 may
determine the selected one or more search adapters 140 based
on metadata associated with the structured query 130, such as
interface state data or session data. The selected one or more
search adapters 140 may be designated directly, or by refer-
ence to a particular data source 150, depending on the
embodiment.

The one or more search adapters 140 may further be
implicit from one or more search parameters described 1n
structured query 130. For example, the query relay compo-
nent 129 may be configured to access ontology 180 and
determine that a certain data structure type specified 1n the
search parameters 1s only available 1n a certain data source
150 to which only a particular search adapter 140 has access.
Thus, the structured query 130 1s only sent to the particular
search adapter 140.

In an embodiment, each of the search adapters 140 1s
configured to understand a common query structure. The
same single structured query 130 may thus be sent to each
search adapter 140, thus avoiding the need for any given
search interface to have multiple query formulators in the
search client 110 or search server 120.

2.9. Search Adapters

System 100 further comprises one or more search adapters
140. Each search adapter 140 searches one or more data
sources 150, or causes the one or more data sources 150 to be
searched. In some embodiments, search adapters 140 func-
tion as substitutes for search engines, directly conducting
searches specified by structured query 130 on data sources
150 such as databases and/or file repositories. Each search
adapter 140 directly generates a set of search results. This set
of search results 1dentifies data structures, 1n the one or more
data sources 150 to which the search adapter 140 provides
access, that match the parameters specified by structured
query 130. The search adapter 140 provides this set of search
results to results aggregator 126 of search server 120.

In other embodiments, search adapters 140 function as
query translators. In these embodiments, data sources 150 are
themselves search engines, each exposing a potentially dif-
terent search API. Thus, search adapters 140 reconstruct the
structured query 130 as a separate query for each different
data source 150 to which the search adapter 140 provides
access. Each separate query conforms to a potentially differ-
ent syntax and grammar, corresponding to the search API of
the data source 150 to which the query is targeted. Each
search adapter 140 receives one or more sets of search results
from the one or more data sources 150 to which the search
adapter 140 provides access. The search adapter 140 converts
these sets of search results into a universal search result for-
mat, and then provides a converted set of search results to
results aggregator 126 of search server 120.

In some embodiments, both types of search adapters 140
may exist.

A search adapter 140 may be configured to pre-process a
query and/or post-process search results using one or more
rules. For example, a search adapter 140 may be configured to
add additional filters or constraints to a structured query,
and/or to a translated query. As another example, search
adapter 140 may be configured to normalize or aggregate
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search results, or properties thereof. As another example,
search adapter 140 may be configured to remove duplicate
search results, or apply its own ranking and/or sorting logic to
the search results. In an embodiment, different search adapt-
ers 140 may provide access to the same data source 150, but
differ with respect to how the search adapters 140 pre-process
a query or post-process search results.

In an embodiment, a search adapter 140 iteratively 1denti-
fies sets of search results. For example, the search adapter 140
may 1nitially return a first set of results that were 1dentified
most quickly, and then return additional sets of results as they
are 1dentified.

2.10. Results Aggregator

Results aggregator 126 receives sets of search results from
search adapters 140. Search results may comprise actual
matching data structures from data sources 150, and/or meta-
data describing matching data structures. In an embodiment,
search adapters 140 convert or generate each search result 1n
cach set using a common search result format. For example,
cach search result may be a JSON object or other data struc-
ture that conforms to a common schema. As another example,
cach search result may be a data object identifier. However,
the actual data structures represented by the search results
may conform to one or many different formats, depending on
the search parameters.

Results aggregator 126 may combine and/or arrange the
search results from the one or more sets using any of a variety
of techniques. In an embodiment, the search results are con-
catenated together 1into a single list as they are received. In
another embodiment, the search results are sorted according
to any of a variety of techniques, such as 1in numerical or
alphabetical order based on a common property of the data
structures that the results represent, or based on relevance
metadata provided by search adapters 140. Results aggrega-
tor 126 may further post-process the search results, by for
example removing duplicates, normalizing metadata within
the search results, adding additional metadata, and so forth.

2.11. Presentation of Results

In the depicted embodiment, results aggregator 126 pro-
vides the aggregated search results to the search interface
generator 125. Search intertface generator 125 sends instruc-
tions and/or data structures to search client 110 that cause the
search client to display presentations 116 of the search
results. The presentations 116 of the search result may be
arranged 1n any fashion, and may include any suitable infor-
mation representative of the data structures from data sources
150 to which the search results correspond. For example, the
presentations 116 of the search results may include, without
limitation, one or more of: titles, names, thumbnails, maps,
addresses, descriptions, or links by which actual contents of
the data structure may be viewed and/or edited. In an embodi-
ment, the information presented in presentations 116 of the
search results 1s limited to information that was actually
returned 1n the search results. In other embodiments, search
interface generator 125 may retrieve additional information
concerning certain data structures represented by certain
search results directly from data sources 150. Search interface
generator 125 may use any of a variety of logic to determine
how bestto present a given search result. For example, certain
types of data structures may have predefined view templates
that indicate how those structures are to be presented within a
search interface.

In an embodiment, the search results are presented as a
scrollable list or tile grid. In an embodiment, one or more
alternate views of the search results may be available, such as
map views, node-based graphs, charts of aggregated values
from the search results, or other suitable data visualizations.
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Search client 110 may include controls for switching between
views. Search interface generator 125 may also or instead be
configured to i1dentily suitable data visualizations based on
search result view data 1n templates 162 and/or an analysis of
the data structures represented by the search results.

Depending on the embodiment, search interface generator
125 may wait to send 1instructions to update a search interface
with new search results until after search results aggregator
126 signals that all search results have been recerved. Or,
search interface generator 125 may continually send instruc-
tions to update the search interface as results aggregator 126
continues to recerve search results from the search adapters
140. In an embodiment, search intertace generator 125 need
not instruct search client 110 to update the entire interface, but
rather instructs the search client to update a search results
section.

2.12. Configuration Component

In an embodiment, system 100 optionally comprises a
configuration component 190. Configuration component 190
may be as simple as a set of one or more configuration files, or
the configuration component may be an actual software appli-
cation. Configuration component 190 allows users and/or
administrators to register the locations of one or more
resources; for example, administrators may register locations
of templates 162, template repository 160, search adapters
140, and/or data sources 150. Search server 120 1s configured
to access configuration component 190 when looking for
these resources. Thus, adminmistrators may quickly add new
functions to search server 120 by registering new resources
with configuration component 190.

2.13. Extensions and Variations

System 100 as shown 1n FIG. 1 1llustrates only one of many
possible arrangements of components configured to perform
the functions described herein. Other arrangements may
include fewer or diflerent components, and the division of
work between the components may vary depending on the
arrangement.

For example, 1n an embodiment, results aggregator 126 or
search adapters 140 may provide search results directly to the
search client 110. In such embodiments, search client 110
may include or have received instructions that would cause
search client 110 to aggregate search results and/or generate
presentations 116 of the search results using similar tech-
niques to those described with respect to the results aggrega-
tor 126 and search interface generator 125. The instructions
may be general, or specific to a certain search template. In an
embodiment, there 1s no aggregation of results, and the results
are 1nstead displayed separately by data source 150. Such
embodiments need not necessarily require search adapters
140 to create search results in a common format. In an
embodiment, results aggregator 126 may be responsible for
converting search results to a common format.

In an embodiment, query formulator 119 may be deployed
at the search server 120 as opposed to the search client 110.
The search client 110 sends the mput values directly to the
search server 120. The search server 120 determines which
query formulator 119 to execute based on session data 1ndi-
cating which search template 1s used by the search client 110
from which the input values are recerved. In an embodiment,
there 1s no query relay 129, and search client 110 1s configured
to send structure query 130 directly to each selected search

adapter 140.

3.0. Functional Overview

FIG. 2 illustrates a process flow 200 for conducting a
search. Flow 200 1s but one example technique for conducting,
a search. Other flows may include fewer or additional ele-
ments 1n varying arrangements.
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In an embodiment, each of the processes described in con-
nection with the functional blocks of FIG. 2 may be imple-
mented using one or more computer programs, other software
clements, and/or digital logic 1n any of a general-purpose
computer or a special-purpose computer, while performing
data retrieval, transformation and storage operations that
involve interacting with and transforming the physical state of
memory ol the computer. In one embodiment, flow 200 1s
performed by a computer system comprising, among other
elements, a search client and a search server such as search
client 110 and search server 120, as described 1n the previous
section. For purposes of illustrating a clear example, the
search server and search client may be described as separate
and distinct components implemented by different comput-
ing devices; in other embodiments, the search server and
search client may be components of a same application
executing at the same computing device(s).

Block 205 comprises identifying a plurality of available
search templates, for example, the search templates that have
been described inthe preceding sections. The identifying may
comprise one or more of: accessing configuration data that
specifies template locations, scanning for template files or
other template structures, parsing template structures to
locate template 1dentifiers, checking user permission data
with respect to the templates and/or the data sources accessed
by the templates, and so forth. In an embodiment, block 205
may further comprise presenting controls to a user for select-
ing one of these i1dentified search templates. However, per-
forming such a step 1s not necessary 1n other embodiments.

Block 210 comprises receiving a selection of a particular
search template from the plurality of search templates. The
selection may be recerved via interface controls such as tem-
plate selection controls 114, or the selection may be received
programmatically via application logic. Recerving the selec-
tion may comprise one or more of: a search client directly
receiving user input, a search server receiving an HI'TP or
other suitable web request, a search application receving an
API call, or a search client/server recerving any other suitable
input.

Block 215 comprises, responsive to the selection of the
particular search template, presenting search interface fields
specified by field specification data within the selected search
template, such as described 1n other sections. Block 215 may
be performed, for instance, by creating a web page compris-
ing a search form that includes field controls corresponding to
the search interface fields, and then sending the web page to
a web browser. As another example, block 215 may be per-
tformed by sending the field specification data to a standalone
smartphone or desktop application that 1s configured to create
graphical interface controls based thereon.

Block 220 comprises receiving search input for the search
interface fields. The search input may comprise user-entered
text and/or other user selected values, along with an indica-
tion of the search field(s) to which the input corresponds. Any
suitable user input technique may be utilized in recerving the
search input. Block 220 may comprise, for instance, a search
client recerving input directly from a keyboard, mouse, and/or
other suitable input device, and interpreting the intent of that
input based on the depicted search field controls. Block 220
may further comprise, in some embodiments, a search server
receiving a description of the search input from the search
client.

Block 225 comprises generating one or more query clauses
based on the search mput, and further based on query speci-
fication data within the selected search template, as described
in other sections. Block 2235 may be performed, for instance,
by a search client or a search server directly accessing the
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query specification data, and using the query specification
data to determine how to generate the query clauses. In an
embodiment, block 225 1s performed at a search client by a
query formulation component that was generated by the
search server based on the query specification data in the
selected search template.

The query specification data may specily, for istance, to
generate keyword clause(s) based on search input corre-
sponding to one or more keyword fields. The query specifi-
cation data may further specity, for instance, to create com-
parison clause(s) based on search mput for one or more fields
associated with specific data structure properties. In an
embodiment, the query specification data may specily to
generate a clause that defines a relationship between a first
input of the search mput and a second input of the search
input. The clause includes a search directive indicating the
relationship. For example, the search directive may indicate
that a search result must satisiy all of, at least one of, or only
one of the search parameters corresponding to the first input
and the second input. Or the search directive may indicate that
a search result must satisiy the search parameters within a
certain context, such as 1n adjacent or nearby terms within a
same data structure property.

Block 225 may further comprise creating complex query
clauses based on other query clauses, as described in other
sections.

Block 230 comprises generating a structured query based
on the generated query clauses and the query specification
data. The structured query may be any data structure capable
of describing all of the clauses, such as a JSON object.

Block 235 comprises sending the structured query to one or
more search modules, such as the search adapters described in
other sections and/or search engines. The search modules
may be co-located with the search client and/or search server,
or may be executed by one or more different computing
devices. Block 235 may comprise a search client or search
server sending the structured query directly to the one or more
search modules. In an embodiment, block 235 may further
comprise a search client sending the structured query to a
search server so that the search server may send the structured
query to the one or more search modules. In an embodiment,
the same structured query 1s sent to a plurality of search
modules. Block 235 may optionally comprise identifying the
one or more search modules based on the selected template
and/or based on data source selection input, such as described
in other sections.

Block 240 comprises, based on the structured query, the
one or more search modules 1dentifying search steps to take
with respect to one or more data sources. For a first type of
search module, block 240 may comprise generating SQL
statements, query execution plans, or other such steps that
implement a process of directly searching a data repository
for data structures that match the search parameters described
in the structured query. For a second type of search module,
whose data source(s) are search engines as opposed to other
data repositories, block 240 comprises translating the struc-
tured query 1nto a data source-specific query string or other
message. The exact steps taken for a particular structured
query may vary, icluding for search modules of the same
type, depending on the data source to which a search module
provides access. Both the first type of search module and the
second type of search module may co-exist within certain
embodiments.

Block 245 comprises the one or more search modules
causing searches of the one or more data sources using the
search steps. For the first type of search module, block 245
comprises actually executing the SQL statements, query
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execution plan, or other such steps. For the second type of
search module, block 245 comprises sending the translated
query to a search engine.

Block 250 comprises the one or more search modules
identifying or receiwving search results for the searches. The
search results are, or describe, data structures within the
searched data sources that match the search parameters
defined by the clauses of the structured query. The first type of
search module 1dentifies the search results directly, while the
second type of search module receives the search results from
another search engine.

Block 255 comprises the one or more search modules
structuring the search results using a common format
expected by the search server and/or search client. Block 255
may be optional for some or all search modules, 1n that the
search results recerved or 1dentified by certain search modules
may already be 1n the common format. In an embodiment, a
search interface 1s configured to understand all possible
search results that could be created by the one or more search
modules, and thus block 255 1s not needed even 1f the search
results for different search modules are structured differently.
Block 255 may also optionally comprise post-processing of
search results.

Block 260 comprises the search server and/or search client
receiving the search results from the one or more search
modules. For example, block 260 may comprise the one or
more search modules sending sets of search result data
objects to the search server and/or the search client.

Block 2635 comprises presenting the search results at the
search client. For example, block 265 may comprise a search
server generating HTML, JavaScript, or other suitable
istructions for presenting the search results. The search
server sends these instructions to a web browser at the client,
which then presents the search results based thercon. As
another example, block 265 may comprise the search client
itsell generating views of the search results returned by the
one or more search adapters. For example, the search client
may be an application that includes search result presentation
logic. In an embodiment, block 265 comprises aggregating
the search results together. However, 1n other embodiments,
search results may be presented 1n separate sections. In an
embodiment, block 263 1s performed at least partially con-
current to blocks 250-260, 1n that searches may continue to
run 1n the background as 1nitial search results are published.
4.0. Example Search Interface

FIG. 3 illustrates an example template-based graphical
user search interface 300, according to an embodiment.
Search interface 300 1s one example of a search interface that
may be generated using the techniques described herein and
in other embodiments, search interfaces may comprise fewer
or additional elements, in potentially varying arrangements.

Search interface 300 comprises a search form 310, includ-
ing a template selector 3135, search field area 320, and data
source selection area 330. Template selector 315 names the
current search template, and allows users to select a new
template from a list of templates by selecting the pull-down
menu control 316. Selecting a new template may result in
changes to search field area 320 and data source selection area
330, depending on the search fields and/or data sources speci-
fied by the new template.

Search field area 320 comprises search field controls 321-
325, each of which corresponds to a different search field
identified by the currently selected template. Each of controls
321-325 1includes a label to provide information to a user
concerning the search field to which the respective control
321-325 corresponds. A user may specily mput for a search
field by entering input via a corresponding search field con-
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trol 321-325. Controls 321-323 are text boxes. In some
embodiments, typing into these text boxes may bring up a list
of suggestions, derived from previous mput associated with
the template, previous input associated with similar search
fields 1n other templates, and/or existing data within the data
structure properties with which the corresponding property 1s
to be compared. A search server or search client may be
configured to automatically track such data and generate such
suggestions without the suggestions having been specified 1n
the selected template.

Control 324 may comprise a textbox that features a com-
parison operator selector 328. Comparison operator selector
328 1s a pull-down menu that allows a user to select between
comparison operators in order to specily how the inputted
value of control 324 1s to be compared to the values of the data
structure property to which the corresponding search field 1s
to be compared. Control 325 1s a multi-value selector. Users
may select multiple values by typing the values directly and/
or using a pull-down menu populated with a list of values.
Each selected value will be depicted with a selected value
indicator 329.

Data source selection area 330 comprises data source filter
controls 331-333. Each data source filter control 331-333
corresponds to a different data source specified by the
selected template, as indicated by the labels 1n filter controls
331-333. A user may tap or click on a control 331-333 to
toggle between selecting the corresponding data source and
unselecting the corresponding data source. In an embodi-
ment, a search 1s only submitted for selected data sources. In
another embodiment, a search 1s submitted for all data
sources, but only search results for selected data sources are
shown.

Each control 331-333 includes a status indicator 335-337
that indicates, by color or other suitable indication, whether
the corresponding control 331-333 1s currently selected. It a
search has already been submitted, status indicators 335-337
may furthermore provide information about the data sources
with respect to the search. For example, status indicators
335-337 may turn a different color or show a special graphical
indicator while search results are being retrieved from a data
source. Also, as depicted, status indicators 335-337 may pro-
vide an indication of a number of search results returned from
a corresponding data source, and/or an 1indication of the qual-
ity thereof.

Search form 310 further comprises a clear control 311.
User selection of clear control 311 resets all controls 321-325
and 331-333 to their default input values. Search form 310
turther comprises a submit control 312. User selection of
submit control 312 indicates to search interface 300 that the
user has finished specitying search parameters, and wishes to
retrieve search results. Both controls 311-312 are optional,
depending on the environment. For example, in some
embodiments, selection of a data source selection control
331-333 indicates to the search interface that the search
should be sent to the corresponding data source. In other
embodiments, a search is sent any time the user provides input
into search form 310. Thus, for instance, the user may per-
ceive search intertace 300 as returning search results while
the user 1s still typing 1n a text box 321-333.

Search mterface 300 further comprises a search result area
340. Search result area 340 1s a scrollable list of search results,
including search results 341 and 342. Search resultarea 340 1s
initially blank, but then filled with views of search results
alter a search has been performed. Each search result is pre-
sented as a rectangular area within the scrollable list, and may
include summary information about the data structure corre-
sponding to the search result, such as a thumbnail, name,
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description, and/or other selected information. The exact
information presented for each search result may vary
depending on the type and/or contents of the data structure to
which a search result corresponds.

In some embodiments, sets of search results are retrieved
iteratively from each data source. For example, a search
adapter may be configured to return a first set of high-quality
or easy-to-locate search results before returning other search
results. If necessary, the search adapter may continue to
search for additional results even after returning the first set.
In an embodiment, search result area 340 1s updated to
include these additional results as found. In another embodi-
ment, the search interface must explicitly request that the
search adapter continue searching and/or return the additional
results. Thus, as depicted in FIG. 3, search result area 340
turther includes a control 349 for retrieving additional results.
The process may be repeated for any number of 1terations.

Search interface 300 further includes an optional detail
view area 350 that displays more information about a selected
search result 342. Depending on the embodiment, the detail
view area 350 may include additional information from the
data structure corresponding to search result 342, including
information not initially returned with the search results. For
example, clicking on 342 may cause a search interface gen-
erator to perform one or more queries with respect to the
corresponding data structure 1n order to populate a detail view
template for the data structure.

In some embodiments, search results 341-342 and/or detail
view area 350 may further include controls for performing
actions with respect to a corresponding data structure, such as
viewing or editing the complete data structure, printing the
detail view, generating a data visualization based on the cor-
responding data structure, and so forth. Also, multiple search
results may be selected from search result area 340, and one
or more controls may allow for one or more actions with
respect to these multiple search results. Search interface 300
may further include additional views derived from the search
results, such as maps or graphs.

5.0. Example Data Structures

5.1. Example Template

According to an embodiment, a template 1s a data object,
such as a JSON object, comprising: a URI field specitying a
private identifier for the template; a name field specifying the
name of the template, as seen by a user; an optional descrip-
tion field comprising additional information about the tem-
plate; multiple field objects; an optional query object; and an
optional data source object. A field object, 1n turn, comprises:
a URI specilying a private identifier for the field; an mput
type, which specifies the type of input control used to collect
input for the field object; a name, corresponding to the name
displayed in the label for the input control; an optional default
value; an optional data type; and/or an optional comparison
operator. A data source object comprises a list of data sources
and/or search adapters targeted by the template.

A query object comprises one or more clause objects.
Example clause object types include, without limitation: an
AND clause for specifying a conjunction between two or
more other clauses, an OR clause for specitying a disjunction
between two or more other clauses, an ObjectType clause for
specilying a type of object to filter the search upon, a Key-
word clause for specitying one or more keywords to filter the
search upon, or a Property clause for specilying comparison
operations between an input value and a particular data struc-
ture property. Each of the Objectlype, Keyword, and Prop-
erty clauses includes a data field that specifies either the URI
of a field object from which to retrieve input, or hard-coded
data for “hidden” search parameters.
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TABLE 1 illustrates an example template for generating
the search interface 300 of FIG. 3, in accordance with the

above-described embodiment

TABL.

L1l

1

EXAMPLE TEMPLATE

{

(-4 -1 (-4

urt” : “pt.template.person”,
“name” : “Person Search”,

“fields™ : [
1

“urt” : “LastName”,

“display” : “Last Name”,

“mmputType” : “property”,

“data” : {
“typeUr1” : “com.palantir.property.Name™,
“componentUn” : “LAST NAME”,

¥ . K90

“operator” : =",

h
I3
1

“urt” : “FirstName”,

“display” : “First Name”,

“mmputlype” : “property”,

“data” : {
“typeUr1” : “com.palantir.property.Name”,
“componentUr™ : “FIRST NAME”,

“Dpﬁl‘ﬂtﬂl‘” T

I3
1

“ur1” : “MiddleName”,
“display” : “Middle Name (or Initial)”,

P

“mputType” : “property”,
“data” : {
“typeUr1” : “com.palantir.property.Name™,
“componentUr” : “MIDDLE NAME”,
“operator” : =",
h
I
v
“ur1” : “age”,
“display” : “Age”,
“mmputType” : “property”,
“data” : {
“typeUr1” : “com.palantir.property. Age”,
h
I
{

“urt” : “Gender”,
“display” : “Gender”,

“imputType” : “property”,
“data” : {
“typeUr1” : “com.palantir.property.Gender”,
“operator” : =",
|,
:squerya: : {
Eﬂt}{peﬁﬂ : E%ND!‘!?
“clauses™ : [
E'Etypeﬂ'! : GEPerertyﬁﬂp
“value-ur1” : “LastName”
Eﬁt}rpeﬁﬂ : GEPererty!'!?
“value-ur1” : “FirstName”
':Etbirpej: : EEPererty!'!?
“value-ur1” : “MiddleName™
l:litype!'! : EEPrOpertyB!?
“value-ur1” : “age”

iﬂtbrpe!'! : CEPrOperty!'!?
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TABLE 1-continued

EXAMPLE TEMPLATE

“value-uri” : “Gender”

|3
i
“type” : “OR”,
“clauses™ : |
{
“type” : “ObjectType”,
“data” : {
“value™ : “‘com.palantir.object.Person”

h
I3
1

“type” : “ObjectType”,
“data” : {
“value” : “com.palantir.object.Entity”

h
s

s
]
s

“dataSources™ : |
“pt.data.palantir.structured™,
“pt.data.people”,
“pt.data.test3™,

]

h

The above template specification 1s given by way of
example. In other embodiments, templates may be structured
in any number of suitable manners.

5.2. Example Structured Query

According to an embodiment, TABLE 2 illustrates an
example structured query generated based on the above
example template:

TABLE 2

EXAMPLE STRUCTURED QUERY

{
Eﬂtype!'! : G%ND!'!?
“clauses™ : [
{

“value-ur1” : “LastName”,
“data” : {
“componentUr”™LAST_NAME”,

“typeUr1”**com.palantir.property.Name”,

e Ra?3

“value” : *’,

Ga__ 9

“operator” : =

}s

“userEntered” : true,
“typﬂ” : CEPerert};!'!

5
{
“value-ur1” : “FirstName”,
“data” : {
“componentUr” : “FIRST _NAME”,
“typeUr1” : “com.palantir.property.Name”,
“value” : “brian”,
“operator” : ="
|3
“userEntered” : true,
“type” : “Property”
5
{
“value-ur1” : “MiddleName”,
“data” : {
“componentUr” : “MIDDLE_NAME”,
“typeUr1” : “com.palantir.property.Name”,
“value” : *’,
“operator” : ="
|3

“userEntered” : true,
“typﬂ” : CEPerert};!'!
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TABLE 2-continued

EXAMPLE STRUCTURED QUERY

Pt B

el

“value-ur™ : “age”,

“data” : {
“typeUr1” : “com.palantir.property. Age”,
“value” : 407,

EEDperatDrﬁﬂ : EE{E!

I3

“userEntered” : true,
E'Etype!'!' : iEPI_DpE::[Ty!'!
{ “value-uri” : “Gender”,
“data” : { “typeUri” : “com.palantir.property.Gender”,
iﬁvalueﬂﬂ : [E’E!‘!‘p GEMALE!'!]?

ca__ 9

“operator” : =

s

“userEntered” : true,
iﬁtypeﬂ'? : GEPereITyE!

|
{
iﬁtype!'? : GEOR!':'?
“clauses™ : |
{
“data” : {
“value™ : “com.palantir.object.Person™
|3
“type” : “ObjectType”
I3
{
“data” : {
“value” : “com.palantir.object.Entity™
h
“type” : “ObjectType”
h
]
h

The above structured query defimition 1s given by way of
example. In other embodiments, queries may be structured 1n
any number of suitable manners.

5.3. Example Search Result

TABLE 3 illustrates an example search result returned
from a search adapter:

TABLE 3

EXAMPLE SEARCH RESULT

“1d” : “pt.data.palantir.structured : 88734023085798219%8”,
“simpleld” : “887340230857982198”,

“title” : “Brian D",

“hasThumbnail” : true,

“description” : “Person”,

dsName” : “Palantir Search”,

“dsUr1” : “pt.data.palantir.structured™

Lk

The example search result 1s used 1n an embodiment where
generating a presentation of the search result comprises look-
ing up additional information about the data structure refer-
enced by the search result. In other embodiments, search
results may be structured 1n any number of suitable manners.
For example, a search result may include all information
necessary to generate a presentation for the search result, such
as a title, description, thumbnail link, and so forth.

6.0. Example Extensibility Features

In embodiments, new templates and/or search adapters
may be made available to a search server and search client via
a registration process at the search server. For example, each
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template and/or search adapter may be contained 1n a separate
file. In an embodiment, the template and/or search adapter
may be registered by placing the file within a certain directory
on the search server. In other embodiments, the template
and/or search adapter may be registered by adding the loca-
tion of the file to a path statement in a configuration {ile that
specifies templates. The search server may access this con-
figuration file or directory to 1dentify which templates and/or
search adapters are available.

In an embodiment, each search adapter implements the
same API. For example, each search adapter may be based on
a coded object that inherits features and functions from a
common coded object. In an embodiment, each search
adapter implements a common set of API function calls,
including some or all of: a function call for retrieving 1denti-
fier(s) of data source(s) to which the search adapters provide
access, a function call for recerving a structured query, a
function call for converting the structured query API into a
string-based query that conforms with the data source(s), a
function for inmitiating a search, a function for returning a
complete set of search results, or a function for returning an
iterative set of search results.

7.0. Hardware Overview

According to one embodiment, the techniques described
herein are implemented by one or more special-purpose com-
puting devices. The special-purpose computing devices may
be hard-wired to perform the techniques, or may include
digital electronic devices such as one or more application-
specific integrated circuits (ASICs) or field programmable
gate arrays (FPGAs) that are persistently programmed to
perform the techniques, or may include one or more general
purpose hardware processors programmed to perform the
techniques pursuant to program instructions in firmware,
memory, other storage, or a combination. Such special-pur-
pose computing devices may also combine custom hard-
wired logic, ASICs, or FPGAs with custom programming to
accomplish the techniques. The special-purpose computing
devices may be desktop computer systems, portable com-
puter systems, handheld devices, networking devices or any
other device that incorporates hard-wired and/or program
logic to implement the techniques.

For example, FIG. 4 1s a block diagram that 1llustrates a
computer system 400 upon which an embodiment of the
invention may be implemented. Computer system 400
includes a bus 402 or other communication mechanism for
communicating information, and a hardware processor 404
coupled with bus 402 for processing information. Hardware
processor 404 may be, for example, a general purpose micro-
Processor.

Computer system 400 also imncludes a main memory 406,
such as a random access memory (RAM) or other dynamic
storage device, coupled to bus 402 for storing information and
instructions to be executed by processor 404. Main memory
406 also may be used for storing temporary variables or other
intermediate mnformation during execution of nstructions to
be executed by processor 404. Such instructions, when stored
in non-transitory storage media accessible to processor 404,
render computer system 400 into a special-purpose machine

that 1s customized to perform the operations specified 1n the
instructions.

Computer system 400 further includes a read only memory
(ROM) 408 or other static storage device coupled to bus 402
for storing static information and instructions for processor
404. A storage device 410, such as a magnetic disk or optical
disk, 1s provided and coupled to bus 402 for storing informa-
tion and 1nstructions.
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Computer system 400 may be coupled via bus 402 to a
display 412, such as a cathode ray tube (CRT), for displaying
information to a computer user. An mput device 414, includ-
ing alphanumeric and other keys, 1s coupled to bus 402 for
communicating information and command selections to pro-
cessor 404. Another type of user input device 1s cursor control
416, such as a mouse, a trackball, or cursor direction keys for
communicating direction information and command selec-
tions to processor 404 and for controlling cursor movement
on display 412. This input device typically has two degrees of
freedom 1n two axes, a first axis (for example, x) and a second
axis (for example, y), that allows the device to specily posi-
tions 1n a plane.

Computer system 400 may immplement the techniques
described herein using customized hard-wired logic, one or
more ASICs or FPGAs, firmware and/or program logic which
in combination with the computer system causes or programs
computer system 400 to be a special-purpose machine.
According to one embodiment, the techniques herein are
performed by computer system 400 in response to processor
404 executing one or more sequences ol one or more 1nstruc-
tions contained in main memory 406. Such instructions may
be read into main memory 406 from another storage medium,
such as storage device 410. Execution of the sequences of
instructions contained 1n main memory 406 causes processor
404 to perform the process steps described herein. In alterna-
tive embodiments, hard-wired circuitry may be used 1n place
of or 1n combination with software 1nstructions.

The term “‘storage media” as used herein refers to any
non-transitory media that store data and/or instructions that
cause a machine to operation 1n a specific fashion. Such
storage media may comprise non-volatile media and/or vola-
tile media. Non-volatile media includes, for example, optical
or magnetic disks, such as storage device 410. Volatile media
includes dynamic memory, such as main memory 406. Com-
mon forms of storage media include, for example, a tloppy
disk, a flexible disk, hard disk, solid state drive, magnetic
tape, or any other magnetic data storage medium, a CD-ROM,
any other optical data storage medium, any physical medium
with patterns of holes, a RAM, a PROM, and EPROM, a
FLASH-EPROM, NVRAM, any other memory chip or car-
tridge.

Storage media 1s distinct from but may be used 1n conjunc-
tion with transmission media. Transmission media partici-
pates 1n transferring information between storage media. For
example, transmission media includes coaxial cables, copper
wire and fiber optics, including the wires that comprise bus
402. Transmission media can also take the form of acoustic or
light waves, such as those generated during radio-wave and
inira-red data communications.

One or more forms of media may be involved 1n carrying
one or more sequences of one or more mstructions to proces-
sor 404 for execution. For example, the instructions may
initially be carried on a magnetic disk or solid state drive of a
remote computer. The remote computer can load the 1nstruc-
tions 1nto 1ts dynamic memory and send the instructions over
a telephone line using a modem. A modem local to computer
system 400 can recerve the data on the telephone line and use
an inira-red transmitter to convert the data to an infra-red
signal. Aninfra-red detector can receive the data carried in the
inira-red signal and appropriate circuitry can place the data
on bus 402. Bus 402 carries the data to main memory 406,
from which processor 404 retrieves and executes the mstruc-
tions. The instructions recetved by main memory 406 may
optionally be stored on storage device 410 either before or
alter execution by processor 404.
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Computer system 400 also includes a communication
interface 418 coupled to bus 402. Communication interface
418 provides a two-way data communication coupling to a
network link 420 that 1s connected to a local network 422. For
example, communication interface 418 may be an integrated
services digital network (ISDN) card, cable modem, satellite
modem, or a modem to provide a data communication con-
nection to a corresponding type of telephone line. As another
example, communication interface 418 may be a local area
network (L AN) card to provide a data communication con-
nection to a compatible LAN. Wireless links may also be
implemented. In any such implementation, communication
interface 418 sends and receives electrical, electromagnetic
or optical signals that carry digital data streams representing
one or more types of information.

Network link 420 typically provides data communication
through one or more networks to other data devices. For
example, network link 420 may provide a connection through
local network 422 to a host computer 424 or to data equip-
ment operated by an Internet Service Provider (ISP) 426. ISP
426 1n turn provides data communication services through the
world wide packet data communication network now com-
monly referred to as the “Internet” 428. Local network 422
and Internet 428 both use electrical, electromagnetic or opti-
cal signals that carry digital data streams. The signals through
the one or more networks and the signals on network link 420
and through communication interface 418, which carry the
digital data to and from computer system 400, are example
forms of transmission media.

Computer system 400 can send messages and receive data,
including program code, through the network(s), network
link 420 and communication interface 418. In the Internet
example, a server 430 might transmit a requested code for an
application program through Internet 428, ISP 426, local
network 422 and communication interface 418.

The received code may be executed by processor 404 as 1t
1s recetved, and/or stored in storage device 410, or other
non-volatile storage for later execution.

In the foregoing specification, embodiments of the mven-
tion have been described with reference to numerous specific
details that may vary from implementation to implementa-
tion. The specification and drawings are, accordingly, to be
regarded 1n an 1llustrative rather than a restrictive sense. The
sole and exclusive indicator of the scope of the invention, and
what 1s intended by the applicants to be the scope of the
invention, 1s the literal and equivalent scope of the set of
claims that 1ssue from this application, in the specific form 1n
which such claims issue, including any subsequent correc-
tion.

What is claimed 1s:

1. A computer system comprising:

one or more computing device configured to store a tem-
plate repository;

search templates stored in the template repository, each of
the search templates comprising at least: field specifica-
tion data that specily search interface fields for obtaining
search input data, and query specification data that
specily how to generate structured queries based on the
search input data obtained for the one or more of the
search interface fields;

a search field generator 1n the one or more computing
devices, and configured to generate search fields indi-
cated by the field specification data;

a template loading module, coupled to the template reposi-
tory, that 1s configured to 1dentiy one or more available
search templates 1n the template repository;
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a search interface generator, coupled to the search field
generator and template loading module and 1n the one or
more computing devices, that is configured to generate a
search interface comprising template selection controls
that are configured to select available search templates
that are 1dentified by the template loading module;

wherein the template loading module i1s configured to
receive template selection input via the template selec-
tion controls;

wherein the search interface generator 1s configured to
update the search interface to include particular search
fields generated by the search field generator for a par-
ticular search template selected by the template selec-
tion 1nput;

wherein the particular search template comprises data
source specification data that specifies a plurality of
searchable data sources;

wherein the search interface generator 1s further configured
to update the search interface to include data source
selection controls generated based on the data source
specification data;

wherein the search interface 1s configured to receive par-
ticular search input via the particular search fields, cause
generation of a particular structured query based on the
particular search mput and on particular query specifi-
cation data in the particular search template, receive user
data source selection iput via the data source selection
controls that selects which one or more data sources 1n
the plurality of searchable data sources specified by the
template are to be searched, and request performing one
or more searches, based on the particular structured
query, against the selected one or more data sources.

2. The computer system of claim 1,

wherein the search interface generator 1s configured to
generate search interface provisioning instructions
which, when executed by a client computing device,
cause the client computing device to implement the
search interface;

wherein the search interface generator 1s further configured
to send the search interface provisioning instructions to
the client computing device.

3. The computer system of claim 1,

wherein the search interface generator 1s configured to
generate search interface provisioning instructions
which, when executed by a client computing device,
cause the client computing device to implement the
search interface;

wherein the search interface generator 1s further configured
to generate particular query formulation logic based on
the particular query specification data, wherein the
query formulation logic causes the generation of the
particular structured query based on the particular
search mput and particular query specification data 1n
the particular search template;

wherein the search interface generator 1s further configured
to send the search interface provisioning instructions,
including the particular query formulation logic, to the
client computing device.

4. The computer system of claim 1,

wherein the search interface generator 1s configured to

generate search interface provisioning instructions
which, when executed by a client computing device,
cause the client computing device to implement the
search interface;
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wherein the search interface provisioning instructions
include 1nstructions for generating interface controls by
which the particular search input for the particular
search fields 1s received.
5. The computer system of claim 1, further comprising;:
in the computing device, a plurality of search adapters that
are configured to receive the structured queries, to cause
searches to be conducted against a plurality of data
sources based on the structured queries, and to return
particular search results based on the searches;

wherein the search interface 1s configured to present the
particular search results.

6. The computer system of claim 1, further comprising:

in the one or more computing devices, a plurality of search

adapters that are configured to receive the particular
structured query, to cause searches to be conducted
against a plurality of data sources based on the particular
structured query, and to return particular search results
based on the searches:;

wherein at least a first search adapter of the plurality of

search adapters 1s configured to translate the particular
structured query 1nto a first query, to send the first query
to a particular data source, receive first search results
responsive to the first query, and to convert the first
search results into a common format of the particular
search results;

wherein the search interface 1s configured to present the

particular search results.
7. The computer system of claim 1, wherein the search field
generator 1s configured to analyze an ontology to i1dentify
properties of a data structure type specified in the field speci-
fication data, and generate at least a first search field based at
least partly upon a particular property of the identified prop-
erties.
8. The computer system of claim 1, wherein the search field
generator 1s configured to analyze an ontology to i1dentily
properties of a data structure type specified in the field speci-
fication data, and to generate an 1interface control for defining
a search filter that compares an input value to at least a
particular property of the data structure type.
9. The computer system of claim 1, wherein the query
specification data specifies query clauses, the query clauses
including at least search filter clauses and complex clauses,
including a first search filter clause that specifies how a first
search field 1s compared to data structures when conducting a
search, and a first complex clause that specifies a logical
relationship between other query clauses.
10. One or more non-transitory computer-readable media
storing 1nstructions that, when executed by one or more com-
puting devices, cause performing:
receiving a selection of a search template via one or more
template selection controls that are configured to select
from search templates for formulating searches;

wherein the search template comprises data source speci-
fication data that specifies a plurality of searchable data
SOUrces;

responsive to the selection of the search template, present-
ing search interface fields specified by field specification
data within the search template and data source selection
controls generated based on the data source specification
data;

receiving search mput via two or more of the search inter-

face fields, the search 1nput including first input via a
first field and second 1nput via a second field;

receiving user data source selection input via the data

source selection controls that selects which one or more
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data sources 1n the plurality of searchable data sources
specified by the template are to be searched;

identifying, based on query specification data within the
search template, a relationship between the first input
and the second nput;
based on the identified relationship, generating a particular
query clause that includes the first input, the second
input, and a search directive that indicates the 1dentified
relationship between the first input and the second input;

based on the search mnput and the query specification data
within the search template, generating a structured
query based on the search input, the structured query
including the particular query clause;

sending the structured query to one or more search mod-

ules to request performance of one or more searches
against the selected one or more data sources; and
recerving search results responsive to the structured query.

11. The one or more non-transitory computer-readable
media of claim 10, wherein the search directive 1s one of: an
and directive, an or directive, an adjacent directive, or a within
directive.

12. The one or more non-transitory computer-readable
media of claim 10, wherein the query specification data indi-
cates a required value for a particular search filter included 1n
the structured query.

13. The one or more non-transitory computer-readable
media of claim 10, wherein the query specification data speci-
fies that the structured query 1s to include a search filter that
causes the one or more search modules to execute a particular
comparison operation between a particular input value for a
particular field of the search interface fields and a particular
data structure property of data structures that are searched.

14. The one or more non-transitory computer-readable
media of claim 10, wherein the field specification data asso-
ciates a particular search iterface field with a particular data
structure type, wherein the mstructions, when executed by the
one or more computing devices, further cause:

accessing ontological data to identily properties of the

particular data structure type;

presenting, adjacent to the particular search interface field,

controls for selecting a particular property to which cor-
responding input for the field 1s to be compared.

15. The one or more non-transitory computer-readable
media of claim 10, wherein the one or more search modules
include a plurality of search modules, wherein the mstruc-
tions, when executed by the one or more computing devices,
turther cause:

cach of the plurality of search modules 1dentitying search

steps to perform with respect to one or more data
sources, based on the structured query;

cach of the plurality of search modules generating sets of

search results in a common format:

aggregating the sets of search results as they are received

from the plurality of search modules.

16. The one or more non-transitory computer-readable
media of claim 10, wherein the instructions, when executed

by the one or more computing devices, further cause:

a first search module of the one or more search modules
translating the structured query 1nto a first query to send
to a first search engine;

a second search module of the one or more search modules
translating the structured query 1nto a second query to
send to a second search engine;

wherein the search results include first search results from
the first search engine and second search results from the
second search engine.
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17. The one or more non-transitory computer-readable
media of claim 10, wherein the instructions, when executed
by the one or more computing devices, further cause:

a first search module of the one or more search modules
translating the structured query 1nto a first query to send
to a first search engine;

a second search module of the one or more search modules
translating the structured query 1nto a second query to
send to a second search engine;

the first search module converting first search results from
the first search engine into a common format;

the second search module converting second search results
from the second search engine into the common format;

wherein the search results include the converted first search

results and the converted second search results.

18. A method comprising:

receiving a selection of a search template via one or more
template selection controls that are configured to select
from search templates for formulating searches;

wherein the search template comprises data source speci-
fication data that specifies a plurality of searchable data
SOUrces;

responsive to the selection of the search template, present-
ing search interface fields specified by field specification
data within the search template and data source selection
controls generated based on the data source specification
data;

receiving search iput via two or more of the search inter-
face fields, the search mput including first mnput via a
first field and second nput via a second field;

receiving user data source selection input via the data
source selection controls that selects which one or more
data sources in the plurality of searchable data sources
specified by the template are to be searched;

identifying, based on query specification data within the
search template, a relationship between the first input
and the second 1nput;
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based on the 1dentified relationship, generating a particular
query clause that includes the first input, the second
input, and a search directive that indicates the 1dentified
relationship between the first input and the second input;

based on the search mnput and the query specification data
within the search template, generating a structured
query based on the search input, the structured query
including the particular query clause;

sending the structured query to one or more search mod-
ules to request performance of one or more searches
against the selected one or more data sources; and

recerving search results responsive to the structured query;

wherein the method 1s performed by one or more comput-
ing devices.

19. The method of claim 18, wherein the field specification

1> data associates a particular search interface field with a par-
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ticular data structure type, the method further comprising:

accessing ontological data to i1dentily properties of the
particular data structure type;

presenting, adjacent to the particular search interface field,
controls for selecting a particular property to which cor-
responding 1nput for the field 1s to be compared.

20. The method of claim 18, wherein the instructions, when

executed by the one or more computing devices, further
cause:

a first search module of the one or more search modules
translating the structured query 1nto a first query to send
to a first search engine;

a second search module of the one or more search modules
translating the structured query 1nto a second query to
send to a second search engine;

the first search module converting first search results from
the first search engine 1nto a common format;

the second search module converting second search results
from the second search engine 1nto the common format;

wherein the search results include the converted first search
results and the converted second search results.
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